stimulated and filmed the muscles of mastication approximately two hours after death in monkeys and in a human cadaver. The object was to produce a dynamic demonstration for teaching purposes; he gave no information as to disc movement or the function of the sphenomeniscal fibres of the lateral pterygoid muscle. Essentially disc movement can be of a passive or active nature.
Passive Movements ofthe Disc Murphy (1956) concluded that the disc functions merely as a 'filler' and a 'cushion'. Arstad (1954) was unable to find any muscle insertion into the disc and concluded that movement of the disc was entirely secondary to condylar movement. However, the shape of the disc itself indicates certain patterns of movement and these are now considered briefly. Lubrication: The anterior and posterior wedge shape of the disc maintains convergent synovial films. Levelling: Fick (1911) . noted that a flattening of the disc took place as it passed on to the eminence and Ashton & Zuckerman (1954) have noted the same change in the joints of monkeys. Rees (1954) suggested that the purpose of the intermediate band of the disc was to allow flattening to take place and that the thicker posterior rim enabled the condyle to move along a flatter path rather than follow the curve of the eminence. Movement combination: Fick (1911) , Hjortsjo (1953) , Campbell (1955) and Moss (1959) have suggested that the meniscus formed a special joint mechanism which allowed a rotary movement on both surfaces. Sicher (1951) believed that a translatory movement occurred in the upper joint cavity and a rotary movement in the lower joint cavity. Rees (1954) stated that in the upper compartment the meniscus 'slides' and in the lower an 'eccentric hinge movement combined Meeting November 23 1964 Paper with some gliding' occurred. However, in the cineradiographic work of Boman (1947) and Berry & Hofmann (1959) the condyle appeared in some cases to 'drop away' from the crest of the eminentia along the line of the posterior slope of the eminentia, not to rotate round it as suggested by the tuberculum rotation theory. Protection: (1) The disc may act as a 'chock' to a wheel to prevent excessive movement in certain positions (Barnet et al. 1961 , on joints in general).
(2) Shock absorberby means of its resiliency and relative area it distributes pressure (Hiltebrandt 1938) . (3) Protective layer to avoid direct trauma to condylar growth area (Scott 1955) .
Active Movements ofthe Disc Translatory and rotary: An attachment of the upper head of the lateral pterygoid muscle to the disc has been shown to exist by Shapiro (1952) , Sicher (1951) , Rees (1954) and Griffin & Sharpe (1960) . Prentiss (1923) regarded the upper part of the lateral pterygoid as an independent structure, the sphenomeniscus muscle, with the special function of moving the disc anteriorly. Higley & Logan (1941) suggested that the meniscus was the tendon attachment of the lateral pterygoid muscle, Moffett (1957) that part of the lateral pterygoid tendon was incorporated in the disc; Lord (1937) stated that the pterygoid attachment brought disc and condyle forward; Thompson (1941) suggested that the upper part of the pterygoid was a 'jaw opener' and that the lower part functions mainly in lateral and protrusive movements, Griffin & Sharpe (1960) that the ligamentous inferior stratum of the bilaminar zone 'would probably assist in the hinge movement which is characteristic of the final phase of depression'. Stabilization: This function of the disc would be consistent with one of the functions of discs in other joints but that the mandibular joint is a neomorph and, as suggested by Parsons (1899) the function of this meniscus may be different. Symons (1949), Rees (1954) and Blackwood (1959) considered that the upper portion of the posterior part of the disc represented a persistence of the disco-malleolar band of the fcetus, in other words the original attachment of lateral pterygoid to the distal end of Meckel's cartilage. The disc's association with the condyle becomes rather like a support to a bridge and thus creates a 'stranded' ligament; stranded ligaments have been suggested in the knee (Last 1950) and in other parts of the body (Barnet et al. 1961) . Rees (1954) recorded definite 'capsular' attachments of fibres from the masseter and temporalis muscles, which would help to stabilize the joint surfaces during balancingmovements; confirmation for this can be found in the electromyographic work of Perry (1955) , where it was suggested that the vertical fibres of the temporalis and masseter muscles assisted in balancing the joint. Sicher (1951) , however, stated that no 'retracting' fibres of the masseter and temporalis muscles were attached. to the capsule or disc. Rees (1954) , Hankey (1954) and Dixon (1961) indicated that the possible role of the elastic tissue in the posterior bilaminar zone was in aiding the return of the disc to the glenoid fossa during closure of the jaws; further, Rees maintained that this tissue also aided in filling the space vacated by the condyle on protrusion and that a positive mechanism was involved. However, Findlay (1964) has shown that a slight negative pressure occurs on opening and a slight positive pressure on closing the jaw.
INVESTIGATIONS
Simulated Movement ofthe Disc in a Dried Human Skull A fully dentate adult male skull with a normal antero-posterior relationship was fitted with elastic bands to simulate temporal and masseter musele activity; strings were attached in the digastric and pterygoid regions to simulate depressor activity. A wedge shaped disc 12 x 15 mm was constructed from a foam plastic with limited elastic properties which was easily contoured to the joint surfaces; the 'disc' lay entirely free between the working surfaces of the joint. The skull was manually fixed.
The 'disc' flattened as the condyle moved on to the eminentia and easily followed the condyle and the sinuous curves of the fossa. The disc appeared to act as a see-saw or a shoe-horn to aid physiological dislocation; without the disc the movement was coarse and on reaching the crest of the eminentia the condyle slid forcibly up on to its anterior surface; with the disc in position this jolting movement and terminal dislocation did not occur until well past a reasonable reconstruction of the physiological limits.
After a certain point the wedge shape of the disc tended to arrest forward movement but as the effort continued it became stationary and the condyle now continued forward.
Although the disc maintained its position on the anterior surface of the condyle in protrusive and opening movements, it tended to lag behind the condyle during retrusive and closing movements.
Simulated Movement ofthe Disc in a Human Cadaver
The temporomandibular joint of a fully dentate male cadaver was removed and the upper and lower joint spacas were exposed laterally. All muscles likely to limit movement and the parotid gland were removed. Threads were attached centrally to the anterior part of the disc and to the pterygoid muscle insertion area. The specimen was manually held.
Discal pull alone produced a slight anterior roll of the condylar head; this movement was accentuated if aided by a slight protrusive movement produced by exerting effort on the condylar thread. It was most marked when a discal pull was combined with a rotary 'digastric' movement of the condyle. As the condyle was moved forward on to the eminentia the disc tended to 'see-saw' down away from the posterior surface of the eminentia and, in the portion of the disc which now lay anterior to the crest, a slight upward bend occurred. The disc maintained its close relationship to the condyle during all the simulated jaw movements.
Pins and ink marks on the fossa and in the disc showed a movement between disc and fossa of 6-7 mm and a movement between condyle and disc of a similar amount, with a total excursion of 13-14 mm. Stimulated Movement in the Monkey Two female rhesus monkeys with a dentition age of approximately 18 months were given a fatal dose of 1.5 ml per kg bodyweight of pentobarbitone sodium graduated to give a survival time of approximately one hour. The mandibular joint, masseter and temporalis muscles, and pterygoid region were exposed by a hemifacial removal of the skin, pinna, fascia, parotid gland and a 1 cm portion of the zygomatic arch with its attached portion of the masseter muscle. The joint capsule and surrounding tissue were then removed until the components of the joint were clearly visible. The blood pressure was much reduced by the anesthetic, so haemorrhage was not a complication.
Stimulation was effected by a 4 cm monopolar needle delivering a faradic impulse of a duration of 1 sec. Only lateral pterygoid, masseter, temporalis and digastric muscles were stimulated. As soon as a response was obtained, antagonist effort was provided manually and the movement was recorded on 16 mm Kodachrome Type A film at 16 frames per second.
RESULTS
Lateral pterygoid: (1) Stimulation of this muscle caused slight jaw opening with contralateral jaw deviation.
(2) There appeared to be no separate action of the upper fibres on the disc. Disc and condyle were drawn forwards in unison. The impression gained was that the disc followed the condylar movement in a passive manner.
Anterior digastric: (1) On both sides only an opening movement was effected with no deviation; however, this region was poorly exposed to reduce blood loss and possibly the needle was incorrectly positioned. (2) Both rotary and translatory movement occurred in the joint, with the disc moving in direct association with the condyle; this movement was less than that seen with lateral pterygoid stimulation.
Masseter: (1) The forceful closing action of the anterior portion of this muscle was clearly demonstrated. There was a definite small lateral and protrusive movement. (2) The movement of condyle and disc contained both rotary and translatory elements but was a much smaller movement than that seen with temporalis stimulation.
Temporalis: (1) All parts of the muscle returned the condyle to the fossa quickly and effectively. There was a stronger translatory effect in the posterior fibres and a more rotary action in the anterior fibres. The posterior fibres and, to a certain extent, the rest of the muscle retruded the condyle upwards and backwards from the relaxed position. (2) The condyle and disc returned to the fossa with a smooth, quick and precise movement. The impression gained was that the slippery inclination of the eminentia directed an effortless condylar slide on temporal stimulation. (3) This muscle, and particularly its posterior fibres, appeared to be the antagonist to the lateral pterygoid muscle and thus indirectly the retractor of the disc.
Disc movement: As already noted, the salient feature in the joint movement was the ease with which the disc retained its relationship between the fossa and condyle. There was definitely a 'slide' between disc and eminentia and between condyle and disc. During the latter movement, the posterior disc attachment and the retrocondylar tissues were on stretch. On retrusion there did not appear to be a very great recoil factor; the appearance of these tissues would be better described as a 'folding away' behind the returning condyle.
Although the condyle and disc could be retruded from the relaxed position by stimulating the posterior fibres of the temporalis muscle, on stopping the action the condyle and disc returned to the relaxed position so that, whatever the elastic properties of the posterior attachment area, there was an amount of 'slack' to be taken up before tension was encountered. No falling away of the disc from the temporal surface occurred during muscle stimulation; however, excessive manual movements could cause a separation. No special vascular mechanism was noted in the posterior attachment zone but, due to the surgical exposure employed, the superficial temporal had been cut at the point of leaving the parotid gland and therefore information on this aspect of function would be suspect.
DISCUSSION
The results of the stimulation study showed that in the monkey the disc and condyle moved in unison and that no separate active movement of the disc by virtue of its lateral pterygoid attachment was demonstrable. This would relegate the function of the lateral pterygoid attachment to the same category as the masseter and temporal capsular insertions which probably provide a degree of stabilization, in agreement with Sicher (1948).
However, the passive character of the disc does not reach the degree of a mere filler and cushion as suggested by Murphy (1956) . The conception obtained from the present work was that the disc acted as a roller-skate between the condyle and the temporal bone and depended entirely on the 'skater', or mandible, for its energy. MacConaill (1949), on joints in general, envisaged only two basic movements in a joint, a slide and a spin; it is this conception which appears to fit most accurately the observations made in this work. Thus the disc movements may be interpreted as follows:
(1) In habitual opening to rest position a slight condylar conjoint rotation occurs with concomitant slight temporal 'slide' of the disc. This effect was due to (a) the slight friction which is characteristic of synovial fluid at low velocity, (b) the anterior tethering of the disc to the condyle, and (c) the wedge shape of the posterior part of the disc. This movement has been confirmed mechanically and radiographically by Posselt (1952) and Nevakari (1960) . It is unlikely, from the monkey study, that the ligamentous posterior discal attachmnent to the condyle and the insertion of muscle fibres of the upper head of the lateral pterygoid muscle into the anterior medial part of the disc play any part in the initial slide and spin as observed in the cadaver experiment.
(2) Convincing evidence of the precision twin rotation theories suggested by Fick (1911) and Moss (1959) was not seen; the condyle and disc appeared to act mainly on the posterior surface of the eminentia as though they were on an inclined plane and to produce along the same line a 'relay' effect by a translatory sliding action on the condylar surface of the disc. The momentum of the disc is probably arrested by its wedge shape and its posterior attachment; thus the disc movement ceases as thetranslucent disc proper reaches the crest of the eminentia. The condyle now stays in association with this region in extreme protrusive position and, from then onwards as the jaw is opened, the condyle spins about a condylar axis but still maintains contact with the 'working area' or disc proper. Thus the anterior and posterior wedges of the disc which expand into the attachment areas of the disc do not take direct force but rather function for lubrication and conjoint rotation. The slight 'seesaw' action of the disc over the crest of the eminentia was regarded as a physiological dislocation and would only be acceptable if no actual separation of the joint surfaces occurred. Bending of the disc is unlikely and therefore this movement, if it occurs in life, is likely to be an extreme and unusual movement.
(3) Hinge swing movement is a bilateral spin about a coronal axis. To execute a retruded hinge movement there must be a slight opening with occlusal disengagement which is probably a condylar spin and this is followed by a slight translatory temporal or condylar slide. The extent of the last movement depends on the compressibility of the posterior attachment area and the controlled activity of the lateral pterygoid muscle and, more important, the retruding muscle, i.e. the posterior fibres of the temporalis. Posselt (1952) recorded that this movement in trained subjects extended to 25-8 ± 2-2 mm of opening after which a forward and downward shift of the condyles occurred with a rotation point now in the region of the condylar neck. He suggested that this effect was due to the ligaments surrounding the jointthe toggle switch phenomenon suggested by Last (1950) . However, from the present work three factors were considered to operate: (a) The mechanical fulcrum of the compressed retrocondylar tissues. (b) The anterior condylar attachment of the disc becomes taut and the disc begins to be pulled or 'twisted' downwards and anteriorly. (c) The change in force as the transverse condylar ridge meets the frictionless working area of the disc proper and slips downward and forward towards the crest. Thus, contrary to the opinions of Campbell (1955) and others, the importance of the ligaments of the joint and mandible in the normal movement of the condyle is considered to be small and secondary to the reflex action of the muscles. For instance, when maximum hinge movement is reached the masseters are on stretch and are antagonists to the action of the digastric, and their resultant line of force in this position would tend to displace the condyle forward, thus accentuating the condylar 'slip' mentioned above. Further, the description of the mandibular ligaments as more or less rigid structures makes no allowance for the variation in the thickness of the disc and the condylar and temporal slides which occur in relation to its surface. Thus the ligaments are most probably taut in the close packed terminal positions of opening and closing but not during the middle area of movement. Also they are not attached to a single point and therefore cannot swivel (Barnet et al. 1961 ).
(4) Lateral swing of the mandible causes concomitant spin on both condyles about a yertical axis and slight spin about a coronal axis on the ipsilateral side.
The joint surfaces never separate, because when one joint is fixed and spins the other moves forward medially and downwards on to the eminentia with a spin and translatory movement which may be both anterior and medial. Spin about a vertical axis is likely to occur in the temporal compartment; spin about a coronal axis is likely to occur in the condylar compartment; spin about a sagittal axis is likely to occur also in the condylar compartment. The latter movement would seem to be the same as that recorded by Posselt (1959) , where the 'contact movement' of the 'midpoint of the condyle' gives an area 2-3 mm broad and 11 mm long. In lateral movement both compartments must be involved simultaneously, thus producing a degree of abduction and adduction which is contrary to the opinions of Barnet et al. (1961) on bicondylar joints in general.
(5) The terminal position of movement, either open or closed, is the point of maximum contact between the joint surfaces and of maximum congruity, called by MacConaill (1949) the 'closepacked' position; at this point there is, however, a degree of resiliency either by movement of the meniscus or by the natural elasticity of the joint tissues.
(6) The medial 'screw' movement of the disc mentioned by Hj6rtsjo (1953) , which consists of a slight medial spin with possibly some translatory component, can be related to the anthropological studies of Sicher (1951) and Du Brul & Sicher (1954) . These workers suggest that the horizontal angle between the origin and insertion of the lateral pterygoid muscle subjects the mandibular horseshoe to transverse medial tension on forceful protrusion; recent work of McDowell & Regli (1961) supports this contention. Thus there would appear to be a coronal as well as sagittal moving force applied to the condyle. A degree of counterbalance, however, has been noted by Rees (1954) in the form of masseteric and temporalis muscle fibres in the capsule of the joint. If the medial translatory movement occurs, then simultaneous lateral shift is likely to occur on the ipsilateral side as suggested by Bennett (1908) . Support for the movement has recently been produced with a gnathograph by Isaacson (1958) . However, this is contrary to the findings of Landa (1958) who, by a number of methods including Bennett's optical approach, found that this movement is not a feature of 'average normal occlusion'. In the present work this movement was clearly visible in the dried skull but it seems unlikely that in life movement exceeding the natural resiliency of the disc tissue occurred, as this structure filled the space between the condylar pole and the medial tubercle on the contralateral side. On the ipsilateral side, however, there was no effective stop mechanism in this position except for the variable convexity of the condyle, disc and fossa.
(7) The closing movement is the reverse of the above movements. The factors which keep the disc seated in this section are: The wedge shape of the anterior part of the disc, the tightening of the posterior ligamentous attachment of the disc to the condyle, the inclined surface of the eminentia, and possibly some elastic recoil of the menisco-fissural and condylo-fissural bands of elastic tissue.
(8) Following the phono-arthrogrammic studies of Findlay & Kilpatrick (1960) attention was given in this study to the origin of crepitus. Most commonly a single crepitus occurs at approximately the 2 cm position of jaw opening and it is in this position that the temporal slide of the disc ceases and the condylar slide and spin occur. This finding fits with the observations of Boman (1947) on the loss of this final spin or hinge movement in patients after meniscectomy. If separation of the *joint surfaces occurred, as in the 'see-saw' motion already discussed, the vacuum created would be likely to account for a loud single crepitus; this could also occur with increased viscosity of the synovial fluid and a build up of 'energy as suggested by Toiler (1961) either at the start of the opening or at the crestal stage when the spin becomes more marked. Multiple crepitus would be associated more with a deterioration of the, joint surfaces and a chronic arthritis. The suggestion by Boman (1947), Rees (1954) and Barnet et al. (1961) that the click is formed by the condylar ridge passing over the posterior or anterior thickenings of the disc is contrary to the observations made in the present study, as it appears most unlikely that this degree of laxity would occur in the condylar attachment in what are usually young 'normal' joints.
